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FOREl,lORD

This report is part of a series intended to cover the entire State,

to provide private cJtizens, industries, municipalities, well drilling
contractors, consultants and professionals with a general evaluation of
the groundwater resources in each of the counties in virginia.

This cument report provides sufficient info.rmat,ion for prcspective

users or developers to assess the suitabi'lity of groundwater resources

within Henry County and the City of Martinsville in fulfilling their water

supply needs. Professional hydrogeo'logica'l consultaiion should be obtained

forr detailed evaluation of groundwater resources in specific areas of

Henry County, aithough this report provides necessary background informa-

tion for such evaluations. Continua'l updating of information on the

groundwater resources of Henry County is provided through State l,later

Control Board programs. This Agency may be contacted for additional

information concerning groundwater resource problerns.
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GR0UN0IJATIR RSS0URCES 0F HENRY C0UNTY, ViRGINIA

ABSTRACT

Henry County'lies within the Piedmont and Blue Ridge Physiographic

Provinces and is characterized by a very complex geo'logy. Bedrock consists

predominantly of igneous and metamorphic rocks, with some sedimentary

rocks in the southeastern portion of the County. Three hydrogeologic

units have been identified in Henry County: l.) Soil Mant,'le, Colluvial

and Terrace Deposits;2.) Alluvial Deposits; and,3.) Bedrock Material"

Soi'l Mantle, Colluvial and Terrace Deposits typically provide low ulel'l

y'ields which are suitable for manjr small domestic applications. Water

quality in these deposits can be highly vari:ab'le, depending upon the

physical and chemical characteristics of these deposits. Pollution

susceptibility for wells developed in these deposits is relatively high.

Alluvial Depositsn which occur along streams and rivers and occupy

valley floors, can provide tremendous well yields if conditions are

favorable. Water quality in these deposits is somewhat dependent upon the

physical and chemical characteristics of the deposits and is inf'luenced

by the water qua'lity of adjacent streams or rivers" Pollution suscepti-

bility for wells deveioped in these deposits is somewhat variable;

dependent upon the characteristics of the deposits and adjacent land use"

Bedrock l4aterial can permit development of wells with high yields

(on the order of 300 gallons per minute or greater), if these wells are

properly located; however, most well yields are substantially lower (in

the range of 5 to 50 gallons per minute)" Different rock types do vary

somewhat in their capacities to store and transmit vlater, but well yie'ld



is more dependent upon intersecting fractures in the bedrock. Water

quality is generally very high, although instances of excessive iron and

manganese concentrations have been reported. Pollution susceptibility of
properly constructed wells is minimal, although cases of contamination of
inadequately constructed wells have been recorded in Henry county.

The preponderance of groundwater deve'lopment has occurred along the

Smith River Corridor, although more development in this area is possible.

0n a countywide basis, the potential for additional groundwater with-

drawal and use is very high, but adequate hydrogeological studies shou'ltl

be performed to accurate'ly evaluate the resource in specific areas of

i nterest.

Groundwater quality is generally very good and water treatment is not

required for most domestic, industrial and municipal app'lications. However,

excessive concentrations of iron and manganese have been recorded in the

schist formations in Henry County. Lithology does affect water quality

to a certain extent, although drastic changes in water quality are possible

in the same formation at different locations and consequently, water quality

ana'lyses of wells in a particular area of interest are necessary to

ascertain the groundwater quaiity for that specified area.

This report provides a general evaluation of the quantity and quality

of the groundwater nesources of Henry County, including the City of

Martinsville. It should be noted that this evaluation is based primarily

on information contained in State Water Control Board files which do not

contain al1 information regarding the resource. These files indicate a

tota'l of 493 wells in the county, which supply 'l1.6 million gallons of

groundwater per day, or approximately 63 percent of the total water use

in Henry County. trlithout detailed hydrogeologic studies, it is impossible

t
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to accurately predict how much additional groundwater withdrawal could be

developed without adversely affecting the groundwater regime, but a

conservative estimate would be approximately 30 million gallons per day.
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CHAPTER I

INTROOUCTION

Faq!srouna

Henry County, with two-thirds of its 385 square miles forested, is
'located in south centrai Virginia in the upper Piedmont Plateau (Plate l).
It is bounded on the south by Rockingham County, North Carolina, with the

Virginia counties of Pittsylvania, Franklin and Patrick making the easto

north and west boundaries respectively.

Sawmilling.and the manufacture of wood products have stimulated the

growth of related industries to such a degree that Henry County has become

a national furniture center. 0ther important industries in the County

include the manufacture of textiles and chemical products.

Over one-half (213 square miies) of the County is in farmland, but

much of this is forested, with only 44 square miles in cropland. Tobacco

and livestock are ihe main agricultural products.

The major urban area of the County extends aiong the Smith River

Corridor from the City of Martinsville northwestward to Bassett, including

Collinsville, Fieldale, Stanleytown and Villa Heights. This area accounts

for 60 percent of the population within Henry County" The total estimated

population of the County in July 1977 was 55,440, while the City of

Martinsville was 18,600. Popuiation growth for the County is projected

to be 60,600 by 1980, 70,'100 by '|990 and 77 ,30A by the year 2000, while

the City of Martinsvi'lle is not expected to have any significant increase.

At the present time groundwater supplies about 11.5 mil'lion gallons

per day (mgd), which is 63 percent of the total water use in Henry County.



Available information indicates that approximate'ly 14.9 mgd of groundwater

could be obtained from existing wel'ls, if so desired. surface water

withdrawals from the Smith River, Beaver Creek Reservoir and Marrowbone

Creek amount to about 6.9 mEd. An additional 2 mgd wiii be taken from the

Smith River by the Henry County Public Service Authority by the year 1980.

Present Eroundwater supplies are adequate to meet existing demand and

the future demand, based on the present rate of development, can be met

without problems, if appropriate deve'topment, management and protection of
this resource are practiced.

Purpose and Scope

The purpose of this report is to consolidate available information on

the groundwater in Henry County and to provide individua'ls, industries and

munic'ipalities with an accurate inveniory of the groundwater resources,

and how these resources may be developed and protected to meet present and

future needs of the county. This report, although directed towards

laymen, should provide valuabie infornration for the more professionally-

oriented readers, as much of the information contained within has not been

previously publ ished.

To appreciate groundwater as a resource, one must understand the

relationships between physical setting (climate, precipitation, soi1s,

vegetation), geology (formations, faults, fractures, aquifer systems),

water quality, development and management of ihe resource. In the

following chapters, these subjects are discussed in a genera'lized fashion

to give the reader an understanding of the comp'lexities affecting ground-

water quality and availability.
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Methods o t ll11elljjati on_

Most of the general backEround and geologic infornation appearing in

this report is a summary or compilation of previous work. Some of the

informati0n on water weil construction and groundwater quality has been

obtained from other State Agenciesn although the bulk of it has been

collected by the State l{ater Control Board.

Much of the previousiy unpublished information on individual weit

construction data and quality analyses has been collected as a result of

the Groundwater Act of 1973, This Act requires that any person compieting

a water well submit to the Virginia State Water Control Board (Board) a

Water 14ell Completion Report (Form G!{-2) and that owners of industrial

and public water supplies subm'it quarterly reports (Form GW-6, Groundwater

pumpage and Use) detailing groundwater withdrawal. In addition, the Board

requires that dri1l-cutting samples be collected at ten-foot interva'ls on

ai'l water wells, un'less prior exemption is received from the Board'

A concentrated effort over the pa.st year has been made to collect and

chemically analyze groundwater samples at selected sites in Henry County

to establjsh the relationship between geology and groundwater quality'

In addition to specific sampling areas, groundwater quality information is

obtained from regular monthly sampling runs made by the Board. Domestic

supplies are sampled generally, although small industrial and cormercial

supplies are checked occasionally-

Another source of qua'lity information is the Pollution Response

program (pnep), ma'intained by the Board for the sole purpose of investi-

gating citizen reports of water pollution of any type. This includes

po'l'lution of both groundwater and surface water by accidentai or inten-

tional spiils of hazardous chemicals, oi1, gasoline, refuse and industrial

wastes.

a



All well information, well comp'letion reports and records of ground_

water quality anaiyses cited in this report are on permanent file at the

Board's ilea.dquarters 0ffice in Richmond and the l,lest Central Regional

Office in Roanoke and are availabie for pu.biic inspection. These data are

computerized for storage and retrieval, and were used to compile

Appendices A and B.

Previous Investi gations

Numerous detailed geo'logic reports have been made of the Henry County

area by the Virginia Division of Mineral Resources, with a map scale of
I :24,000- Reports incl ude the Martinsvi I le l^lest (Conley and Toewe, 

.1968),

Philpott Reservoir" (conley and Henika, .|970), 
Bassett (Henika, '197.1), and

Snow Creek, Martinsville East, Price and Spray (Conley and Henika,'1973)

7.5-minute quadrangies. These reports were useci extensively in preparing

the geologfcal section of this publication.

In GeologY and Gfound.-Water Resources of Pittsylvani-a and Halifax

counties (virginia Department of Mineral Resources, .l960), H. E. LeGrand

discusses aquifer and well characteristics in the geologically similar
Piedmont of nearby pittsylvania and Halifax counties.

Water Well Numbering System

The State Water Control Board maintains water well information such

as well size and depth, yield, water quality, water level changes and

other pertinent data in a computerized system at the Board,s Richmond

Headquarters. Retrieval of this information for specific wells is
possible by the water well number system.

This system comprises two numbers: the first one is a county



identity number, (Henry County is 144), and the second number is a

sequential listing of wells in the county. For example, well number 144-?37

refers to a specific well in Henry County. At the time of this reporting,

493 weils are listed in the file for this County, although it is knoln

that the total number of wells in the County is substantially higher.





CHAPTER II
PHYSICAL SETTING

Physiography

Henry County lies entlrely within the Piedmont Physiographic Province

and is characterized by topographic features ranging from narrow V-shaped

valleys with steep-sided elongate ridges to more subdued ridges and wide

al 1 uvium-fil I ed val leys.

Turkeycock Mountain (1,850 feet) is the largest topograph'ic feature

in Henry Countyn with its crest marking the northeastern boundary between

Henry and Franklin counties forn over i3 miles. Smaller prominent landforms

'include Chestnut Knob (1,520 feet), Nantes Mountain (l ,320 feet) and Holt

Mountain (1,212 feet). A maximum of .|,3.l0 feet of relief is found in the

County between Turkeycock Mountain and the Smith River where it crosses

the V'irginia-North Carolina border (540 feet)(Plate 2).

Hydrol ogy

Henry County lies entirely within the Roanoke River Basin and is

drained by five rnajor rivers. The Smith River drains most of the northern,

central and southern parts of the County with a drainage area of 294 square

miles. The north and south forks of the Mayo River drain the western

and southwestern sections of the County (57 square miles). The Pigg River

drains the extreme northeastern tip of the County (.22 square miles) and'

the Dan River drains a small part of eastern Henry County ('12 square miles).

Beaver Creek is impounded about iwo miles north of Martinsville to

form the Martinsville Reservoir and has a storage capacity of .|,250

mil'lion gallons. This reservoir furnishes al1 of the potable water to



the City of Martinsville. The Smith Riyer is impounded in the extreme

northwest section of the County to forrn Philpott Reservoir, a 3,000 acre

lake used for recreational activities, hydroelectric power and flood control.

Philpott Reservoir is by far the. largest impoundment in Henry County even

though most of it is in Patrick and Franklin counties. At this time it is

not being used as a source of potable water.

Several streamflow gaging stations are maintained throughout Henry

and adjacent counties. The data from these are published annually by the

u.s. Geological survey in "water Resources Data for virginia,,. Table 'l

presents the extremes of discharge values for the water year 1976, along

with the maximum recorded flow during the period of record (October .|939

to September 1976):

TABLE

EXTREMES VALUES FOR DISCHARGE CUBIC FEET PER SECOND

I

IN

Stati on
Period of Record

Maximum

I7,ooo ft,3/s
1 949

39,000 ft.3/s
I 937

45,600 ft.3/s
I 940

17 ,2OO fr. 3/s
1947

Maximum
(1e76) .

1,380 ft.3/s

4,620 rt.3/S

5,700 ft.3/s

.|,460 rt.3ls

Mi n imum
(1e76)

io ft.3/s

7.8 ft.3/s

59 ft.3/s

30 ft.3/s

Smith River at
Phil pott, Vo,

Smith River at
Martinsvil le, Va.

Smith Riverr at
Eden, N.C.

North Mayo River
near Spencer, Va.

Climate and Precipitation

Henry County's climate

humid summers and cool rainy

is typical for south-centra'l ',Virg.inia: hot,

winters with some snow. The average annual

10
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temperature is about 56 degrees Fahrenheit: July being the warmest month,

averaging 76 degrees Fahrenheit, and January being the coldest, averaging

37 degrees Fahrenheit. The average annual precipitation is about 44 inches;

the summer months (June-September) getting the greatest precipitation, due

mainly to showers and thunderstorms (Tab'le 2),

TABLT 2

}IEATHER DATA RECORDED AT
THE },IARTINSVILLE FILTRATION PLANT

(Averaged 0ver The Period of Record)

Month Total Precipitation+
( Inches )

3.I2
3.35
3.99
3.46
3.84
3.79
4.73
4.23
4. r'l
3.08
2.86
3.34

Average Temperature*
(Deqrees Fahrenheit)

January
February
March
April
May
,lune
July
August
September
0ctober
November
December

Total s

37 .1
39.0
46.?
57.0
65.4
72.4
75.6
74.4
67 .7
57.2
46.5
37.8

43.90 Yearly Average 56.4

Source: National 0ceanic and Atmospheric Administration+ Period of Record - 1945 thru 1978* Period of Record - 1937 thru .|978

SoiIs ind Vesetatiot

The amount of precipitation that reaches the water tabie depends on

numerous factors: character and thickness of the soil, topography, lanct

use, vegetal cover, soil moisture content, depth to water table, and

13



the intensity, duration and seasonal distribution of precipitation. it is

obvious that the precipitation factors are of primary importance, but the

percentage of precipitation that reaches the water table is greatly

dependent on the overlying soil characteristics and the presence and nature

of the vegetation.

Soil conditions that affect groundwater recharge include depth,

permeability and slope. Deep, permeable soils with gentle slopes allow

greattr infiltration than shallow, slowiy permeable soils w'ith steep slopes.

The soils in Henry County are formed by both chemical and physical

weathering in situ or by physical transportation and deposition. The

soils of the granitic and metamorphic rocks are formed by the former

process. These soils grade downward into saprolite, a soft, earthy, clay-

rich, thoroughly decomposed rock formed by chemicai weathering of igneous

and metamorphic rocks. The thickness and nature of the saprolite inf'luences

groundwater recharge in a similar manner as the overlying soi1. A deep,

permeable saprolite acts as a sponge, a1'lowing water to recharge the ground-

water system over long periods of time.

Alluvial and colluvial soils are formed by the transportation and

deposition of materials by water and/or gravity. Alluvial soils are formed

on flood plain and terrace deposits, and colluvial soils are formed on

material deposited near the base of a slope by unconcentrated surface

runoff (sheet erosion) or gravity. These soils, although variable in

nature and extent, allow abundant recharge to the groundwater.

Most of the soils in Henry County are relatively deep and permeab'le

enough to offer favorable conditions for groundwater recharge. More

detailed soil descriptions are given in Chapter III along with the

geological fonnations.

t4



Vegetation has a protective action towards soil. Roots bind soil so

that it remains porous and able to absorb water without being washed away.

Forested areas actually break the force of the rain and slow the melting of

snow, thus, increasing infiltration and preventing. rapid runoff and erosion.

Henry County has about 257 square miies of forest iands, with both

deciduous and evergreen species. Approx'imately 44 square miles of the

County are used as croplands, with the remaining 84 square miles being

pastures, urban areas and surface waters. The major forest areas provide

ideal watersheds to inhibit excess surface runoff and permit greater

groundwater recharge. Sound land management programs should be folloured

to prevent ex'cess runoff and the resuiting, decrease of groundwater recharge.





CHAPTER III
HYDROGEOLOGY

I ntroducti on

The occurrence, movement and quality of groundwater is strong'ly

influenced by the geologic structure and lithology. For bedrock aquifers,

well yield is dependent upon the borehole intersecting fractures within

the bedrock, the degree of interconnection of these fractures and the

abi'1 ity of these fractures to transmit water.

Henry County is underlain by igneous and metamorphic rocks which have

undergone chenical and physical alteration during their geologic history.

The groundwater resources of the County reflect the geologic differences

of the bedrock material with regard to both well yield and water qua'lity.

A cursory description of the different lithologies present in Henry

County is presented below. The geology and geologic history of Henry

County are very complex and are beyond the scope of this report. Reports

of the area have been prepared by Meyertons (1963), Conley & Toewe (1968),

Conley & Henika (1970), Henika (1971) and Conley & Henika (1973) for the

Virginia Division of Mineral Resources. The reports present very compre-

hensive and in-depth geolog'ical studies of portions of the County. The

lithologic descriptions and geologic map of Henry County (Plate 3)

represent a very brief surnmary of some of the information contained in

the reports cited above. The geologic boundaries, formations and

structure represented in Plate 3 were derived primarily from the Conley &

Henika (1973) report and the "Geolbgic ltap of Vfrginia", Virginia Division

of Mineral Resources (1963). Inierpretative work, for unmapped portions

of the County, was performed by State Water Control Board personnel "



The interpretative work is confined to the eastern and western portions

of the map and can be rgcognized by the use of dashed lines to indicate

geologic boundaries and structure. These representations were not

verified in the field and represent only approximate locations for these

features, which the reader must take into account when referring to the

map. The scale for the map on Plate 3 is the same as the Henry County

General Highway illap as pubiished by the Virg'inia Department of Highways

and Transportation. Utilization of these two maps should facilitaie fairiy

accurate locations of bedrock geology. However, it should be emphasized

that actual field location of specific geo'logic features may not exactly

coincide with the map locations for these features.

Geologic Formations

Henry County is located in the Piedmont Physiographic Province and

is underlain by igneous, metaigneous and metasedimentary rocks, plus

Triassic sedimentary rocks. Plai,e 3 is a generalized geolog'ic map of

Henry County delineating areas of major lithologic differences and signifi-

cant geoiogic structures. Individual formation names and descriptions

are presented to assist the readerin identifying particular rock types.

Genera'l groundwater conditions for each forrnation are summarized in

Table 3, while more detailed information for specific rock types is

presented in Chapter IV (page 4l) and Chapter V (page 63).

Precambrian Rocks

Granite Gneiss (Map Symbol:grgn). Light gray color, medium-grained'

rudely foliated and inequigranular; develops neddish-brown saprolite and

light reddish sandy soi1.

IB



ul --,

EE
"c)
Es
E:6a

c.96
ED

:oc,
,t

OtnlroE' 'i
C' .Fz39.. g

l-E

Zoi E; fr(LEE;
X EE 9IIJ JE O

Elt+
o6
Ot>

: frf

-u)2-
0s-ce9

=,,E'
Eo
LC)o'=|!E

9E
=o
Euso>g
J(9

cr)

'2.

lrJ
F
J
o-

o

E: i €

EgEi F

!! ; E; B ",1 
,

ii : i:Eu=ti
ei E;EiFE ili

o
l)
C'g
t
o.

o
c
.9
()
g
tt
!t
Co
o
Co
o,

.9x
0
o
ooo

I
tt
E
=.9
C
cl
t,o
C
3
o
o

el sE
cl o 9,_
G!,r O. O_o_c,

3 s ;EE6 Eo
!t s!
i s !Els lg
;€ ;oErr Eu: E >C<o ao

!,|)s!g6
Stla
EE;o oP

ctre g,r
o.-e€i

= c'rEtr c'o

3, g:

o
cc=o.9.6

'7
-Eg F A u,E- 6 o -.oao - - c5E..; E ga

- = =_ ctg
= O Es

sE E 5 53
9, : e- 6 3' 

= E;E c, q,-
f,E * 8 Ecs6 E 6 69
EJ t! @ @sr

;1ifu--]g"m."*-
pit#I,#Ht{"Ifi i:rt-fn"E.-e,*
ffifi{fii#ffif*;:r+i:.tliiilii"iiilfip,i,it :i{

ot*
iri*i'Hti.liii:;'ltii

I;l i'' 1; 'l i' ) 3 )- -. -'.'--J,.7
; {e;*.- iJ',/ \\.\/--l I | . 2,.-L \$*ai::iili'i1t ; a;it, !': ; r-':.tiYi,X .l'il

= 
\iffi;,:W,,r_tii

:)
O-t(J

E
z,
lrl
-

]L / \AV:i"+o \ S\''

rtf*itrer;
ii{$11i5E_--}..,^ ilillinlililiilrririiirT,,,rr-,m*

*?rk#}#$d | | | | l i | | I I l | | | | | lii ; ; 1 | | lil|m

+ +f f l+ O)lg o *
lq ; :

<.1<

\-_.{,_

$sf

o
(,
F

(9
oJo
lrl(9

o
(Dgo
=&,9o
EE*l
8p9F.=o
=mtE
.96
.9()
)s
i5E
:*'3s
L(E
56

53
fl
Y
t!
tu
Eo
@z
tu

=o
.I).

tltrll,>
rlQ

tiiiii
iii

;rEil:tt^l

ili

7i
ti
iii

I
I

E
4l

\l
..1otl

.cr

El
It

v.:r*;ij':'l ir:xi",#
ffi3fi*lli.ru{i,{/',':) ( )i>Vl

i"'1'-11(.t i*{',i
Jl il*,\H*f 1t(

/r'-i

ffi
FIf*N;it:^?JUT,;4.t) J' l, ;;.1,;, ( 5)i.'<

'i i,.",_r),1 ) I i,y;: t'.,1

,fii*#
"ft1.;l(r

L'7tJ,

:rSf---,)i

t!-91:"1*

trii

ti
ll

il

ii iii

rii





Granitic Augen Gneiss (Map Symboi: grgn) - composed of coarse-grained

granitic augen gneiss, granitic flaser gneiss, biotite schist, hornblende

schist and gneiss, banded mica gneiss and foliated leucocratic granite.

Bassett Formati,on (Map symbol: bg, bm) - composed of a medium-gra'ined,

light to medium grayr €QUigranular, leucocratic biotite gneiss overlain

by a gneissic to schistose, dark green to black amphibolite, with some

epidote rich layers and pyroxene granofels bodies. A deep, reddish-brown

saprolite and a tan to light bnown, quartz-rich soil develop over the

leucocratic biotite gneiss, whije a shalJow, red-brown, clay-rich, spongy

saprolite and dark-red and dark reddish-brown, clay soils develop on the

amphi bol i te.

fork Mountain ForJnation (Map Symbol: fm) - Composed primarily of

mica schist with thin, discontinuous lenses of quartzite and mica gne'iss.

Soils are generally thin, light reddish brown with a large amount of mica

schist chips and quartz. Saprolites tend to be red or reddish brown, very

micaceous, with weathered garnets.

Leather'wood Granite (Map Symbo'l : p6iw) - Composed of a coarse-grained,

light 9rdy, porphyritic biotite granite which can grade into leucogranite

and pegmatitic leucogranite. A light tan to red, sandy soil and pinkish

saprolite is developed on this formation.

Rich Acres Formation (Map Symbol: pGra) - Composed predominantly of

fine- to rnedium -grained gabbro and hornblende metagabbro, with medium- to

coarse-grained, medium grayish-green diorite and dark gray to black,

medium- to coarse -grained norite members. Massive, tan to brown, deep

saprolite and thick, dark-brown to maroon soils, rich in iron oxides and

c1ay, are developed over this formation.
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TABLE 3

GEOLOGIC FORMATIONS AND THEIR HYDROGEOLOGIC
CHARACTERISTICS IN HENRY COUNTY

SYSTEM AND
AGE

FORMATION OR ROCK TYPE
(MAP SYMBOLI

HYDROGEOLOGIC
CHARACTERISTICS

Soil Mantle - not mapped
Colluvium - not mapped
Terrace Deposits - not mapped

Water Bearing Properties: Poor to
fair, depends on extent, thickness
and continuity of deposits; well
yields usually low (0-2.5 gpm);
wells may go dry during periods of
scanty precipitation.

Water Ouality: Can be highly
variable, but generally good; high
contamination susceptibility from
surface or near surface sources (e9.,

septic tank fields, landfills, acci-
dental spills, etc.)Ouaternary

G70 million years Alluvial Deposits - not mapped Water Bearing Properties: Good to
excellent, depends upon physical
properties of deposits and size of
adjacent stream or river; high
well yields can be developed (100-
700 gpm).

Water Ouality: Can be highly
variable; represents intermixing of
surface and groundwater; h igh
contamination susceptibility from
surface or near surface sources.

Triassic

180-225 million
years

Leakesville Formation,
Cascade Station Member
(Map symbol - Tg cls)

Diabase Dikes

Water Bearing Properties: Poor to
fair; well yields generallV low to
moderate (0-5 gpm); Higher yields
can be realized from wells devel-
oped in fault and fracture zones.

Water Ouality: No data available.

Precambrian Rocks

greater than
600 million years

Gneiss and Mica Schist
{Map symbol - msch}

Lynchburg Formation
(Map symbol- p€ly)

Rich Acres Formation
(Map symbol - p€ra)

Leatherwood Granite
(Map symbol- p€lw)

Fork Mountain Formation
(Map symbol - fm)

Bassett Formation
(Map symbol - bg, bm)

Granitic ,Augen Gneiss and
Granite Gneiss
(Map symbol - grgn)

Altered Metapyroxenite and
Talc Sch ist; Metagabbro

Water B€aring Properties: Poor to
excellent; well yields can be highly
variable (0-300 gpm), depending
upon fracture configuration inter-
sected by borehole; good well
location techniques must be em-
ployed for development of ade-
quate yields.

Water Quality: May be variable,
although generally quite good;
isolated problems, with excessive
iron concentrations have been
noted in the Lynchburg and Gneiss
and Mica Schist Formations; de-
pendent, in part, upon geochemical
properties of the individual forma-
tions in the area where the well is
constructed.

Precambrian (?) Rocks

22



Lynchburg Formation (Map Symbol: p61y) - Composed of siivery gray

muscovite-sericite gneiss with some graphite schist, metagraywacke,

metagraywacke conglomerate and quartzite and metagabbro'

Gnei.ss and Mica Sqhist (Map Symbol: msch) - Possibly correlat'ive of

the Lynchburg Formation, these rocks consist of garnet mica schist which

contains some kyanite and staurolite; muscovite and muscovite-biotite

gneiss with interlayered mica schist and dark-green to black garnet-

hornblende schist and garnetiferous amphibolite.

Precambrian (?) Rocks

Altered Metapyroxenite and Talc Schist - Composed of altered

ultramafic rocks with light gray to light green schist and dark, grayish

green, granular rocks as the two predominant lithologies.

Triassic Rocks

Diabase Dikes - Intrusive bodies with a trend of either N.-N.'lOol,|. or

N,20-300!1.; generally fine-gra'ined, metanocratic, ol'ivine-pyroxene diabase.

Develop deep, dark to reddish-brown, clay rich sbils.

Leakesville Forlration (Cascade Stat'ion l4ember) (Map Symbol: Tgcls) -

Composed of red, brown and maroon claystone, shalersiltstone and fine- to

codFSe-grained sandstone, with some conglomerate.

Quatefnary Depos'its

Coiluvium - Unsorted, angular rock fragments' sand, silt and clay,

deep-red co'lor, present on flanks of hills'

Alluviai-Tqrracg DePosits - Thin remnants of

on incised meanders of the Smith River, preserved

or flat topped hills; consists of rounded cobbles

fluvial sedirnents, exPosed

as terraces on s'loPes

and pebbl es "

?3



Al_iuyt11q - Occurs on val1ey floors, variable in extent and continuity,

usual'ly poorly sorted pebbles and gravel, with sand and ciay intenmixed;

may have gray clay or silty clay near bottom of deposits.

Geoloqic Structure

The significant geologic structures within Henry County are indicated

on Plate 3. Associated with these structures are fracture zones and

lineaments. Plate 4 indicates major fracture zones, lineaments and joint

patterns within Henry County. The significance of these structures r,rill

be discussed in a later section.

Grouqdwpter Resources: 0ccurrence

Groundwater is that water which,occurs below the zone of permanent

saturation, whose upper surface is usualiy described as the water iable.

Water table elevations usually fluctuate throughout the year in response

to chang,ing climatic conditions. For the purposes of this report, three

hydrogeologic units have been del'ineated for discussion of the groundwater

resources: l.) soil mantie, colluvial and terrace deposiis;2.) aliuvial

deposits; and 3.) bedrock material.

Soil Mqntle, Colluvial an9 Terrace Deposits. The nature and depth of

the soil mantle can strongiy influence groundwater recharge poteniial.

Relatively deep soil, with moderate permeability, wil'l permit greater

infiltration and storage of water than sha'llow and/or less permeable soi1s.

As water percolates downwaqd through the soil rnantle to the bedrock/soil

interface, it will tend to collect at the interface"

Many shallow bored and hand-dug welIs are constructed in the soil

mantle and utilize the soil/rock interface water in Henry Coun'Ly. Although

yielcls from such weils are general'ly'low (0"5 to 2.5 gpm) they can

24



Source: Virginia State Water Control Board - WCR0
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provide a qu.ite adequate water supply for domestic use. The primary problems

with development of the soil/rock'interface water are the high susceptibil-

ity for contamination from surface or near-surface sources (e.g. accidental

spills, septic tank drainfield, etc.) and the fact that these are the

wells that tend to go dry first during drought periods'

111el'ts deve'loped in colluvial and terrace deposits have essentially

the same characteristics as those developed vlithin the soil mantie-

Colluvial deposits, especiaily, have the potential for collecting and

hoiding vast amounts of water for relatively short periods of time, since

they are located along the bases of mountain slopes and collect runoff from

precipitation events. Terrace deposits will a'lso stot:e large amounts of

water and make it available for groundwater recharge. The colluvial and

terrace deposits are too thin and irregular to be a s'ignificant source of

groundwater supply in Henry County; however, they may prove adequate for

individual domesti c appl ications.

AlJuvial Deposits. These deposits occur aiong the streams and rivers

vlithin Henry County and usually occupy most, or a1'1, of the valley floors'

In most cases, these deposits represent a recharge-discharge jnterface

between groundwater and surface water. During drier parts of the year'

groundwater will be discharging throug-h these deposits into the adiacent

watercourse, as evidenced by stream and river baseflow data' During the

wetter seasons, groundwater recharge occurs into these deposits from the

abundant water being carried in the adiacent stream or river'

1o1ells developed in these deposits can have tremendous yieids' aithough

the water being withdrawn is essentially a mixture of surface water and

groundwater. The contamination potential for wells developed in these

deposits is greatly dependent upon the extent, thickness" grain size and



!

? . .-

other physical properties of the deposits. 'Utilization of these deposits

is more appropriate when high quantities of water are required with jess

concern for quality.

Bedrock Matgrial. The bedrock geo:logy as delineated jn plate 3

consists of igneous and metamorphic rocks which have different hydro-

geo'logic properties. The amount of fracturing and degree of fracture
interconnection and fracture zone permeability strongly influence the yield
that can be developed from a well. Plate 5 depicts severa-l fracture

coniigurations thut ,o"y occur in Henry County.

The extent of fracturing varies according to the nature of bedrock

material. In general, metamorphic rocks that are less competent (e.g.,
schists) do not have as extensively developed fractures as do the more

competent igneous and metamorphic rocks (e.g., granite, gneiss, quartzite,

etc. ).

Other factors also inf1uence well yie'ld. Ana'lysis of water weil data

(see Appendix A) indicates that topographic position, bedrock material,
geologic structural position, bedding pianes, joints and cleavage planes

all affect well yield to some degree.

In general, higher well yield is favored by lower topographic

position because the upland recharge area around the weli is greater than

for wells of higher topographic position. Bedrock material can influence

well yield due to the fracturing of the bedrock and degree of fracture

interconnection is d'ifferent, to some extent, for different kinds of bedrock.

Geologic structural position can influence wei'l yield because groundlater

movement occurs preferentialiy along structural lows (i"e", synclines),

rather than structural hi ghs ( i ,e. , ant.icl ines ) ., Beddiing pl anes , joints

and cleavage planes can have an appreciable effect on well yieid since these

28



A B

FRACTURE CONFI GURATIONS

Diagram showing s'ix types of fracture-configurations
that jnfluence the yield of wells. Stjppled pattern
represents soil and soft, decomposed rock. Dashed
ljne represents the water table. Each well is 250
feet deep and is cased to about 50 feet.

B

D
F

F

Dry hole
Low yield-may go
Low to moderate
Mode.rate yi e'ld
Moderate to high
High yielci

dry during drought
yield-may go dry during drought

yield

Source' LeGrond, l960 PLATE NO. 5





planes act as "pipes" for transmission of groundwater. The permeability of

a formation can be significantly higher in the direction of these planes,

than perpendicular to them.

Hydroloqic Budqet

The hydrologic budget represents a quantitative assessment of the

balance between recharge and discharge for a certain interval of time in

a defined area, and is expressed mathematically as follows:

P=R.+R^+ET+U+Sry

where,

P

Rs

p,.9

ET

u

s

For this report, total precipitat:ion and total runoff were measured

directly by the use of climatological and stream gauge stations, while

evapotranspiration, surface runoff and groundwater runoff were determined

i ndi rectly. Subsurface underf'low l.ras cons i dered negi r'gi b'l e as were changes

in storage since the budget was compuied on an annual basis. Therefore'

P=R^+R-+ETr9
The groundwater component of runoff vras estimated from stream gauge

records by assuming that the monthly minimum is a measure of baseflow.

Evapotranspiration was estimated by two different methods. Potential

evapotranspiration was calculated by the Thornthwaite l4ethod which is an

total precipitation,

surface runoff,
Rg * R, = RT = total runoff

groundwater runoff or baseflovt,

evapotranspi ration,

subsurface underflow into or out of a basin, and

change in siorage (surface, soii moisture' groundwater).

3t



empirical method based on an exponential relationship between mean monthly

consumptive use and mean month'ly temperature. An indirect method of

evapotranspiration estimation can be derived by solv'ing the simplified

water balance equation:

ET=p_RT

The results of hydrologic budget analyses for the Smith River Basin

in Henry County are presented in Table 4, while similar analyses for the

North Mayo River Basin north of Spencer, Virginia, are presented in Table 5.

It was not possible to estimate budgets for the entine Mayo River Basin

within the County, due to the lack of necessary climatological and stream

gauge data for the basin. In comparing evapotranspiration figures, it
will be noticed that a difference exists between the Thornthwaite and

Indirect l4ethods. This difference is a result of cumulative errors

inherent in estimation of various components of the budget and also in net

changes in subsurface underflow and siorage, both of which were assumed

to be negiigible. The estimated annual hydrologic budgets presented in

Tables 4 and 5 do not consider al'l of the factors that affect the water

resources of the County; however, they do represent valid approximations

and should be considered as such-

The average estimated basef]ow (i.e., groundwater runoff) for the

period t97'l-'1976 is 9.51 inches (see Table 4) and I ?.?6 inches (see Table 5)

for the Smith River and l,lorth Mayo River Basins, respectively. This is

equivalent to a discharge of approximately 151,89.| acre-feet of water per

year. for the Smith River Basin and approximately 67,320 acre-feet per year

for the North Mayo River Basin (north of Spencer, Virginia; includes a

portion of eastern Patrick county) tor a total of approximately z19,z1z

acre-feet of water per year for these two river basins. Current usage
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(see lable 7, Page 50), based on State lrlater Control Board records' is

approximately 11.6 mgd, or 12,994 acre-feet per year. Though it is dlfficult

to predict how much additional groundwater withdrawal is possible, the

hydro'logic budget analyses (as presented in Tables 4 and 5) clearly indicate

that only a small amount of the groundwater resources of Henry County is

currently utilized and that tremendous additional withdrawal is possible.

For any specific area of the county, a more detailed and extensive

hydrologic budget analysis should be conducted to accurately assess the

groundwater resources within that area.





CHAPTER IV

GROUNDI^IATER DEVELOPMENT AND POTENTIAL

Introduction

llistorical'ly, groundwater resources have been deveioped primarily

for individua'l domestic applications, privately-owned public water supply

systems ind industrial needs when no other acceptable water supp'ly !{as

readily available. Municipal water supply systems, however, have relied

predominantly on development of surface water resources to meet their

needs. Explanation of this phenomenon is somevthat elusive, if one considers

the following items: i.) approximately 97 percent of the fresh water

resources of the earth occurs underground; 2.) development and treatment

costs are approximately five t'inies and three to five times' respectively'

groundurater; 3') gnoundwaten 'quality ismore for sunface water than for

generaliy higher and more consistent than surface water; and,4') properiy

developed groundwater resources are more reliable than are surface water

they are not as rapidly affected by drought conditions:suppl ies, since

Emphasis must be placed on the proPer development of groundwater resources'

which includes adequate managernent, if groundwater is to be considered as

a reliable water supply source for municipai and industrial appiications'

Pment is not as crucial;For individual domestic supplies' proper develo

however, owners who have had wells go dry could blarne inadequate develop-

ment in most instances-

l{el I Devel opment

Appendix A presents a summary of water we'll data for Henry county'

Flate 6 shows the relationships betueen: (a) percent of wells intersecting
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fractures and number of fractures intersected by a we'll versus yield;
(b) yield of producing zones (fractures) versus depth; (c) percent welis

within a certain depth range and yield of these wells versus depth; and,

(d) groundwater yie'ld from different rock 'uypes versus dept,h. From these

graphical representations of well data, severai general statements concern-

ing wells within Henry County can be made:

1.) Average well yield for wells intersecting one, two and three or

more fractures is approximateiy 15, 52 and 58 gallons per minute (gpm),

respecti vel y.

2.) Approximately 42%,39y. and l9% of the weljs intersect one, two

and three or more fractures, respectiveiy.

3.) l.Iell yield inc'reases as the number of fractures intersected

increases.

4.) Producing zone (fracture) yields increase with depth to a maximum

at an approximate depth of 300 to 350 feet and then decl'ine, with no

reported producing zones at a depth greater than 500 feet.

5.) A greater number of weils within the County (19%) are constructed

to a depth of 150 to 200 feet, with an average yfeld of approximately

13 gpm; however, greater yields are realized from deeper wells.

(NOTE: In Plate 6(c), the relatively high yieid expressed for wells

less than 50 feet deep is due to the fact that many of these wells are

developed in alluvium along the channe'ls of streams and rivers and the

high yields are a result of induced flow from the river to the well through

the ailu.vium. In contrast, PIate 6(b) 'indicates the yield from a fracture

at the same depth to be substantial'ly 1ower.)

6.) Certain rock types have a greater probability of supplying

adequate amounts of groundwater than others. Plate 6(d) is a plot of

average well yields within specific depth ranges for a particular rock type"
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COMPARISON OF WATER WELL AND HYDROGEOLOGIC DATA
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1

0ther factors governing well yield (e,g., topographic position, number of

fractunes intersected, proxirnity to fracture or fault zones, etc.) were not

taken into consideration in preparation of the graph. However, the plot

does give an indication of the water-bearing characteristics for different

rock types with depth. Ttre plot indicates that granite gneiss and the

Rich Acres Formation are the most productive at depths of 350 to 550 feet.

For relatively shallow well applications, one could expect increased well

yield with increased depth for welis constructed in granite gneiss and

biotite gneiss. For the other rock types in Piate 6(d), the probability

of encountering greater yields with depth is not as great as it is for the

gneisses, unti'l one goes to the depth range in which the plots reflect

increased average yield. This plot does not mean that one can construct a

well in the Rich Acres Formation (for exampie) and drii'l to 500 feet and

expect to develop a yield of 1'18 gailons per minute. Adequate hydrogeoJogic

investigation must be conducted if weil yields of that magnitude are to be

realized. It should also be emphasized that the yields plotted are average

yields, thus indicating that well yields both above and below the average

have been deveioped in the specific rocP. types plotted in Plate 6(d).

Scrutiny of the waier well data in Appendix A also indicates that, in

genera'|, well yield is somewhat dependent upon topographic setting, with

higher well yields, and 'increased probabi'lity of encountering water,

favored by lower topographic positions. Valleys are developed along

fractures in the bedrock, while hills remain in areas where the bedrock is

not fractured or otherwise weakened; additionaily, the upland areas around

a valley constitute a recharge area for an individual trell. Upland well

locations, on the other hand, are somewhat removed fronr fault or fracture
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zones and have a limited recharge area above them. 'fhese factors contribute

to the differences in well yields noted betrveen wells for different topo-

graphic position.

As indicated in Plate 6(a), well yield'increases with the number of

fractures the borehole intersects. In order to develop a dependable ground-

water supply, the well must be constructed to an adequate depth and must

intersect a fracture or producing zone. l'lhen weli yield is compared with

well 'location proximity to a fracture trace, it becomes evident that the

amount of fracturing of the bedrock material and degree of fracture inter-

connection strongly inf'luence weil yield.

Table 6 depicts average well depth and yield for weils in different

elevation ranges and developed in different rock types. These vaiues

indicate that, on the average, wells developed in the Rich Acres Formation

have greater yield than wells developed in other rock types; furthern

higher well yield is favored by iower topographic posit'ion.

As mentioned previously, proper vrel1 development (i.e., adequate

cleaning and sanitation of the borehoie), in conjunction with satisfactory

well construction (i.e., proper site selection, borehole alignmento casing

placement and grouting),, is crucial if groundrrrater is to be considered a

reiiabie water source. For most public and industriai water suppiy systems,

the requirements of proper development are met; however, for individual

domestic welis, these requirements are often times not foliowed.

Inadequate'ly constructed wells can provide a rapid vehicle for

groundwater contamination. Water well casing performs two important

functions: l.) ft prevents the sides of the borehole from co1'lapsing when

the vrel1 passes thnough soil material or unstabie bedrock; and,2") it
prevents 'uhe introduction of surface water and/or contaminants into the
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ff€l1 (and thus into the groundwater). Howeyer, satisfactory placement of

the casing is necessary if this protective function is to be obtained. In

many cases the casing is not proper'ly set into the bedrock or inadequate

sealing (grouting) around the casing will permit contaminants to f'low down

the sides of the casing and into the well. Plate 7 depicts well construc-

tion factors that can affect contamination susceptibility.

Proper well development includes such procedures as well cleaning

and sanitation after construction is completed, in order to provide maximum

yield and non-contaminated water. Furthermore, an accunate well-yield test

should be conducted to prevent over..pumping of the we1'1, trrhich could result

in pumping the weli dry, pump damage and interruption of water supply.

In numerous instances, particular'ly for individual domestic vlelis

with low yields, adequate well yield,tests are not performed. l^|hile a yield

test of some sort is conducted, it is usually not of sufficient duration

for an accurate determination of well yield. Yield tests are performed to

de'cermine what the constant yield of a well is. Public and industrial

water supply systems have extensive well yield tests performed, since

purnping is performed on a more continuous basis than for individual

domestic systems. Il|hile tests for domestic systems need not be as compre-

hens'ive (since pump'ing is generally not on a continuous basis), such tests

shoul d be aCcurate enough to prevent devel opment of pump probl ems ' as

mentioned above.

An example of the use of well-yield tests to ca1culate tr:ue yield is:

A domestic well was constructed to a depth of 250 feet; a half-hour test

conducted during comp'letion of the we'll indicated a yield of five gallons

per minute. The pump is set at 245 feet and the static water level is at

50 feet below land surface. Approximate'ly 1.5 gallons of water per foot of
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borehole (for a s{x-inch diameter well), times 
.|95 feet of water above the

pump intake, anounts to about 293 gallons of water in storage in the well.

The owner has a 5 gpm pump installed in the wel1 and the sysiem functions

properly for a whi'le. Hovrever, during periorls of extensiye water use, the

well goes dry and pump damage occurs. The half-hour yield tesi, at 5 gpmn

was not of sufficient duration to pump out the water which was in storage

in the well, and thus, the true yie'ld of the well was not detarmined.

Since most domestic pumps are not operating on a continuous basis, problems

with the well did not develop until pumping continued for an extended

period. ldater 'level recovery data after ihe 'rleil weni dry, indicated that

a periodr of five hours was requirred for the water 1evel to return to the

static water level of 50 feet below land. surface. Therefore, the actual,

continuous yield of the well was lower than the 5 gpm indicated in the

first test (5 hours = 300 minutes to recharge approximately the 300 gallons

in storage, which is a flow to the we'll of about 1 gpm). If the first
yield test h'ad been conducted for a long enough period, it would have

become evident that the yield of ihe yreil was substantially lower than

ori ginal 1y determined.

Groundwater Devel opmeni

tlithin Henry County, the major area 0f urban and industrial development

has occurred along the Smith River Corridor, which extends from just be'low

Philpott Dam, southeastlard to the Virginia-North Caroli'na border. The

remaining areas of the County have experienced much'less development and

are predominantly rural in nature. Table 7 indicates es'timated groundwater

baseflow (i.e., groundwater runoff to surface streams), groundwater develop-

ment (i.e., comb'ined yield of all weils as determined by vrell-yield tests).
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usage (actual groundwater withdrawal as determined by State Water Control

Board fi'le records and per capita water use figures) and potential (amount

of groundwater remaining under the surface, but not the amount that could be

withdrawn for different areas of the County). l.lhen the development of

groundwater is being considered, adequate hydrogeologica'l eva'luation is

necessary to ensure a reliabie water supply. Many factors affect groundwater

occurrence, moyement, availability and quality, and these factors should be

investigated when consideration is given to groundwater deve'lopment to meet

the needs of large water users. For individual domestic application, €X-

tensive hydrogeologic investigation is not roequired; however, individuals

should engage pr:ofessional consultat'ion services to facilitate development

of an adequate water supply.

In Table 7, a significant difference is present between figures for

groundwater development and usage. Deve'topment refers to the volume of

water that could be extracted from wells within the County or Sub-basin,

while usage refers to the volume of groundwater actually withdra,rtn. It
should be recognized that calculation of the development figures in Table 7

are based on well yield tests as conducted by water wel'l contractors,

which do not necessanily ref'lect the actual yields that can be developed.

Further, State llater Control Board file data does not inciude a record of

all wel'ls constructed in Henry County, and thus, the development values

should be considered as an approx.imat'ion of actual development figures.

Proper development also implies management of the resource, not on1y

from the standpoint of protection (i.e., from surface activiiies that may

poliute groundwater), but also from a usage standpoint. In other wordso

competitive uses of groundwater in a particular area must be considered

to ensure that overuse of the resourc, with resuitant aquifer damage and

5l



severe interference prob'lems, does not occur.

Plate 8 is a plot of selected well yields in Henry county, whire

Plate 9 depicts wells intersecting one, t11o or three 0r more fractures

(producing zones). In P]ate 9, numerals adjaceni to the fracture .symboi

indicate the yield of the well, which emphasizes the importance of
intersecting fractures within the bedrock to assure development of an

adequate and reliable groundwater source. Major fracture traces and

lineaments in Henry county are represented in plate 4. scrutiny of the

water b'fell Data summary for Henry county (Appendix A) reveals that many

of the higher production wells are'located on or very close to major

fractures and lineaments. We'lls developed in bedrock must intersect

producing zones (fractures) where secondary porosity and permeability

permit development of sufficient well yields.

Groundwaten Potential

Table 7 indicates that an estirnated seven percent of the groundwater

resources of Henry County have been developed, with a potential of 193.8

mgd still available for development. It must be emphasized that this

figure for groundwater potential is an estimate of the amount of ground-

water remaining that has not been developed and does not'indicate that the

vo1ume represented cou'ld be extracted or pumped. The actual amount of

groundwater that could be withdrawn would be'lower than the indicated

amount, although it would be extreme'ly difficult to predict what that

exact amount would be. However, the values in Table 7 do indicate that a

significant potentiai for groundwater development is present in Henry

County.

Greater development of groundwater resources has occumed in the

,
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Smith River Comidor and the potential for future development is not as

great in this portion of the County as it is outside of the corridor.
Plate 4 indicates major fracture traces and Tineaments and plate 3 depicts

major geologic structures, faults and bedrock geology. Development of
high production welis must, out of necessity, be undertaken in areas that
have favorable geologic conditions. !r'|hile the aforementioned plates

indicate general areas where development of large groundwater supplies

may be possible, detailed hydrogeological investiga.tions are necessary

for an accurate delineation of the groundwater potentia'l in specific

areas of the County. Another area of vast potential, is development of
relatively shallow wells in al'luvium, which could provide from one to

severa'l million gallons a day depending on the extent, thickness and

hydrological characteristics of the alluvial deposits.
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CHAPTER V

GROUNDWATER QUALITY

Introduction

Dissolved chemical constituents in groundwater are a refiection of

the soil and bedrock material in which the water occurs and these con-

stituents affect its overall quality and usefulness. Consequently,

chemical groundwater quality will vary from p'lace to piace' as do the soil

and bedrock materials. The presence of other quatity parameters (such as

bacteria, hydrocarbons, nitrates' excessive chlorides, certain heavy

netals, etc.) are, for the most part, a result of man's actjvities, which

introduce contaminants to the subsurface env'ironment.

General _Grou-ndwatel Qual i tv

Generaliy, groundwater is colorless, clean and has a constant

temperature equivalent to the average yearly temperature of the area where

it occurs (in Henry County, about 15.50C or 60oF). Numerous properties

can be determined by detailed water-analysis techniques; however, the

parameters discussed in Table 8 are sufficient for an overa'll assessment

of groundwater quality. Results of these ana'lyses are expressed in the

metric system as mi'l'l igrams per I i ter (mg/l ). Al though not preci sely

equivalent, ffii'lligrams per liter (mg/l) is often times used interchangeably

with parts per million (ppm).

The parameters discussed in Table 8 constitute routine analysis as

conducted by the State Water Control Board, and are sufficient for an

overal'l assessment of groundwater quaiity. However, for a more specific

assessment, a detailed groundwater quality anaiysis should.be conducted.



SOURCE AND SIGNIFICANCE

TABLT 8

OF SELECTED GROUND WATER QUALITY PARAMETERS

CONSTITUENT
OR

PROPERTY

Hydrogen ion concen-
tration (pH)

Specific conductivity
( m icromhos per cubic
centimeter at 25oC)

+ Total Dissolved Solids' (5OO ms/l)

Hardness

SOURCE OR CAUSE
Acids, acid-producing salts, and free
carbon dioxide lower the pH. Phos-
Phates, silicates. carbonates and
bicarbonates raise the pH.

Dissolvecl mineral content of water.

Primarily from mineral constituents
dissolvecl from soil and rocks.

Primarily derived from dissolved cal-
cium -and magneslum, although other
constituents contribute to the total
hardness val ue.

Dissolved from practically all rocks
ancl soils. Additional iron may be con-
tributed by iron pipes, pumps and
other equipment.

Dissolved from practically all soils and
rocks but especially from limestone,
dolomite and qypsum.

Dlssolved from practlcally all rocks
and soils. Also found in sea water,
brines and sewag€.

Carbonate and bicarbonate ions in
water contribute to alkalinity

Dissolvect from soits and rocks. Present
in- sewage, sea water and industrial
or I nes.

Principally derived from gypsum (cal-
cium sulfate) or oxidation of pyrite
(iron sulfide) or soils and rocki con-
taining other sulfur compounds. Pre
sent also in 50me industrial wastes.

qer!yed from decaying organic matter,
fertilizer, sewage and nitrogen in soil:

SIGNIFICANCE
Measurement of pH gives an indication of whether the wa-
ter will act as a weak acid or as an alkaline solution. A pH
value of 7.O is considered neutral with values below 7.0
being acidic, and above 7.O as alkaline. Gen€rally, water
with decreasing pH values is increasingly corrosive, al-
though extremely alkaline waters will also be corrosive. In
areas with acid mine drainage, improper chemical waste
disposal and other actlvities that may contaminate ground
water quality, measurement ot pH values may indicate con-
tamination.

Specific conductance is a measure of the capacity of the
water to transmit an electric current. The value varies di-
rectly as does the concentration of dissolved mineral con-.stituents.

A general indication of the overall suitability of water for
many uses, Water with concentrations less than 5OO mgll is
generally satisfactory for domestic use and for many indus-
trial applications, Water with concentrations qreater than
5OO mg,/l is frequently unsuitable for many pulposes, hav-
ing a dlsagreeable taste and potential corrosiveness to well
casings & pumping apparatus.

Most commonly evidenced by the amount of soap required
to produce suds, Familiar bathtub ring is the result of soap
combining with dissolved minerals. When hard water under-
goes drastic temperature change (e.9. boilers, hot water
tanks, coffee pots, etc.), it will form a hard scale. Water
hardness is somewhat relative between different areas. Wa-
ter with hardness values up to 80 mqll is considered soft; 80
to 120 m9/1, moderately hardi 120 to 18O mg/|, hard; and
greater than 180 mgl|, very harcl..

Both iron and manganese are present in practically all water
supplies and when pr6ent in even small amounts, may
cause problems with stalning and odor. Manganese prob-
lems occur at much lower concentrations than iron does.
When ground water containing these dlssolved minerals is
aerated, a precipitate is formed; iron dloxide-Feo2(com-
mon rust)i and, manganese dioxide-Mno2. concentrations
in excess of the standard will result in taste and oclor prob-
lems, staining of laundry and plumblng fixtures, and may
favor the growth of slime-forming bacteria which have been
known to clog pipes, pumps, fixtures and pores in water
bearing formations.

Causes most of the harctn€ss and scale-forming problems
with wateri major "hardness" constituents of hard wat6r
{see hardness). Water with low concentration is more desire-
able for many commercial, industrial and dommestlc appti-
cattons.

When present in high concentrations with chlorides will
impart salty taste to water. Does not have appreciable affect
as to usefulness of water when present in moderate
amounts.

Ability of water to neutralize acid. Water does not have to
hav6 a pH above 7.0 to possess alkalinity. Some ground
water with a pH value below 7.0 may have some salts that
will neutralize acids and, consequently, will have a measure-
abl€ alkalinity.
When combined with sodium in large concentrations, will
give water a salty taste. Will increase corrosiveness of water
when present in large amounts. Water with concentration
greater than 5OO mg/l will have disagreeable taste; studies
inclicate that some livestock can consume water with as
much as 3,O0O or 4,0OO mgll with no ill effects, High con-
centrations in 9round water usually indicate Contamination
by sea water (coastal areas), industrial brines or by some of
man's surface activities such as highway deicing or salt stor-
age areas.

Orinking water standard based primarily on esthetic con-
siderations. Will form hard scale in boilers when combined
with calciumr will glve water a bitter taste when present in
large concentrations; if Epsom salt (magnesium sulfate) or
Glauber's salt (sodium sulfate) are pres€nt, infrequent users
may notice a laxative effect.
Concentrations vary lrom area to area and appear unrelated
to geology. Levels in excess of local backgtound levels, may
inclicate pollution. Drlnking water standard based on pos-
sible toxicity to infants, knowns as cyanosis (Johnson,
L9721, in which baby becomes listless and drowsy'with skiri
taking on a blue color ancl therefore, should not beused in
formula preparation. Older chaldren and adults are not af-
fected, however, excessive nitrate levels may indicate con-
tamination from sewage or manure, which may harbor
harmful bacteria. High nitrate levels encourage the qrowth
of algae ancl oth€r organisms which impart dlsagteeable
odor and taste to the water.

Reduces incidence of tooth decay when consumed during
the period of anamel calcification during childhood. How-
ever, excessive concenttation may cause tooth motiling
depending on age of child, amount consumed and indi-
vidual susceptibility.

! lron ( Fe) (O.3 mo/t!
' Manganese (Mn) (0:05

Calcium (Ca) and Mag-
nesium (Mg)

;8'"ifli {Na} and PotasF

Alkalinity

+ chrofide (ct) (25o mglt)

+ surfare (so4) (250
mg/tt'

* r.ritr"te (No3) (1o mg/l
as Nitrogen or 45 mg,/l as
NO3)

r* Ftuoride (F) (1.4 ms/l)

*Standard based
+Standard based
Source: Kl emt,

Present in minute guantities In most
rocks and soils. Adcled to many muni-
cipal waler supplies by fluoridation.

on health considerations.
on aesthetic considerations.
et _dl , I 976 and Vi rgi ni a State
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The Virginia Department of Health tt^laterworks Regulation, 1974) has adopted

public drinking water standards that are quite comprehensive and require

testing for chenical, bacteriological and radiological constituents before

a scurce can be approved as a public drinking water supp'ly. The public

drinking water standards for the parameters discussed in Table 8 are

given when applicable, with an asterisk (*) indicating those based on

health considerations. Although not discussed in Table B, pubiic drinking

water standards a'lso deiineate concentrations for heavy metalg' such as

arsenic (0.1 mg11), barium (1 mg/l), cadmium (0,01 mg/l), chromium t0.05

mg/]), copper (i rngll)" cyanide (O.Z mg/l), lead' (0.05 mg/l)' mercury

(0.002 m9/1), silver (0.05 mg/l) and zinc (5 mg/l). t'lith the exception

of copper and z'inc (which are established for aesthetic reasons), the

limits are based upon the toxicity of the various metals and provide a

reasonable safety factor for human consumption. For the most part'

' County is well wit'hin the abovementioned

limits, although some isolated cases of excessive concentrations have

been noted.

Groundwgtsr Quality l^lithjn Herv Coqntv

A generalized summary of groundwater quality for the different rock

types is presented in Table 9, which presents minimum, maximum and mean

values for the various parameters listed. As can be seen from Table 9,

groundwater quality varies somewhat according to rock type, but the

overail quality is quite good. Appendix B is a water quality printout

for all wells in Henry County for which reliable information is available.

6t



Surface water exists in a fairly "open" system, that is, factors

influencing water quality usually result in immediate detection and,

although the effects may vary in their degree of severity, they are

usually short-lived in a particular area because the movement and

dissipation of pollutants takes place quickly. Groundwatern however,

exists in a system where input and ouiput occur at a much slower rate than

for surface water. Consequently, a considerab'le interval may develop

between the time contaminants are placed on the land surface (or in the

soil mantle) and the time these contaminants are noticed in the ground-

water. After groundwater contamination has been detected (e.g., well

contamination), the problem will norrirally remain in the affected area

for an extensive time period, since groundwater flow velocities are

relatively slow, compared with surface water veiocities.

Contamination of groundwater is not as immediately apparent as for

surface water. t'lan's surface activities can proceed for years with no

noticeable effects on groundwater quality and suddenly appear as a

relatively severe pollution problem. For exampie, an autonrotive garage

may dispose of its waste oil by dumping it out back of the facility for

years, with no groundwater quaiity problems evident. It may take years

for the oil to slowly percolate down through the overlying soil cover and

through the bedrockn to appear, guite suddenly, in a neighbor's well.

I'lhen something like this occurs, it is very difficult, if not impossible,

to comect the situation and the problem can continue for quite some time

after the source has been eliminated.

Man's activities may result in a much swifter impairment of ground-

water quality than the above example, but pract'ical1y ali activities have
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the potential for adversely affectinE groundwater quality. poorly con-

structed welis may permit rapid contamination of groundwater by permitting

polluted surface water to flow down the we'll casing and into the ground-

water regime.

The capacity of soils for filtering and treating. wastes is generally

good; however, if careful consideration is not given to the planning,

design and construction of land disposa'l areas, groundwater contamination

may result. sanitary landfills, chemical waste disposal areas, sludge

disposal areas and land application of sewage treatment plant eff'luents,

to mention a few, a1l require sufficient planning, design and operation

to assure that groundwater quality in the area is rnaintained. Many cases

throughout the country have been documented where groundwater contamination

has occul"red 25 to 50 years after a land disposal site has been abandoned.

Experrience has shown that with present technology, rehabilitation of

contaminated aquifers is physi.cally ver:y difficult and monetarily pro-

hi bi tive.

In addition to land disposal of wastes, other surface activities can

seriously affect groundwater qual:ity in a particularr area. The improper

or excessive use of fertilizers, pesticides, herbicides and de-i'cing salts

or aecidental spilling of petroleum or chemical liquids can have a severe

and long-lasting potential for groundwater contamination. It must be

recognized that prevention of groundwater contam'ination is the key to

maintaining groundwater quality and that rehabilitation of contaminated

groundwater resources is very difficult, if not impossible, to accomplish.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

Concl us i ons

Three maJor hydrogeologic units have been identified in Henry County:

l. Soil llantle, Colluvial and Terrace Deposits can provide adequate

groundwater supplies for small domestic applications, although wells

developed in these deposits do have a relatively high susceptibility for

contamination from surface and near-surface sources. ttells constructed in

these deposits are typica'lly shal'low, bored or hand dug, with low yields

(0.5 to 2.5 gpn).

2. Alluvial Deposits can perm'it development of wells with very high

yields, depending on the physical characteristics of the deposits. These

deposits occur along streams and rivers in Henry County and usual'ly occupy

mosto or all, of the valley floors. Pollution susceptibility is highly

dependent upon the physical nature of the deposits and water withdrawn

from the deposits can be considered a mixture of surface and groundwater.

3. Bedrock Materia'l permits development of high quality and reliable

groundwater supplies with minimum pollution susceptibi'lfty, if good we'|1

construction and development is employed. The natural groundwater

quality varies somewhat, depending upon the nature of the bedrock in which

the water occurs, and well yield is dependent upon intersecting fractures

in the bedrock material. l^lells developed in the Rich Acres Fonnation

have a higher average wel'l yie'ld than wells developed in other formations

or rock types.
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The prinnry porosity and permeability of the bedrock material within

Henry County is relatively low and development of high production wel'ls

must occur in areas of folding, faulting and fracturing where these

phenomena result in higher segondary porosity and permeability. The

rnajority of groundwater development has occurred along the Smith River

Corridor to meet the needs of industrial and cormercial enterprJses, but

a large potential remains for future development. 0eveloprnent of relatively

shallow wells in alluvial deposits, which could provide from one to several

million gallons a day, is a potential groundwater source, which warrants

careful consideration.

Groundwater quality within Henry County is relatively high, although

a few cases of poor quality have been reported. In general, the Leather-

wood Granite has a higher water quality than the other formations or rock

types, although exceptions to this may be encountered. Hater quality in

the Soil Mantle, Col'luvial and Terrace Deposits can be highly variable

depending on the chemical composition of those deposits. Alluvial Deposits

have a variable water quality depending on the characteristics of those

deposits and, in part, upon the water quality of adiacent rivers and streams.

Recormendati ons

Prospective large-scale users of groundwater should obtain adequate

professional hydrogeological consultation to accurately delineate the

groundwater conditions in specific areas of interest.

Groundurater is a valuabie and vulnerabie natural resource which

requires adequate protection in both the quality (preventing contamination)

and quantity (resource management) aspects.

Groundwater and surface water are not separate entities. Comprehensive
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water resource planning and management must address both of these

phases of the hydrologic cycle in order to assure that sufficient, high

quality water sounces are available for future domestic, commercial and

industrial development in Henry County.

Prospecti've groundwater users and developerso water well contractors

and professionals should comply with all applicable aspects of the

Groundwater Act of 1973. This Act, in part, requires submission of

reports to the State l,later Control Board concerning water well construction

(t,|ater Hell Completion Report, Form Gl,{-z) and groundwater pumpage and use

(Ground !{ater Pumpage and Use Report, Form Gl.I-6). information contained

in these reports aids this Agency in developing a more realistic inventory

of the groundwater resources of the State and thus, better deljneation of

the role of groundwater in meeting future water needs wiil be realized.
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APPENDIX A

SUMI'IARY OF WATER |dEI-L DATA FOR HENRY COUNTY

The computer printout on the following pages lists basic well data

for wells in Henry County. This printout is updated frequently to

include information from new Hater tteil Completion Reports which are

constantly being submitted by water vre1l drillers. The information

under the heading "Aquifer" may be cross-referenced with Tab'le 3,

Chapter III.
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APPENDIX B

SUF1MARY OF GROUNDHATER QUALITY ANALYSES FOR HENRY COUNTY

The computer printout on the following pages lists basic groundwater

quality data available for many of the wells'listed in the water well

data summary (Appendix A). There are some quality analyses listed for

wells not included in Appendix A; however, well data is avai'lable for

these welis and may be obtained by contacting the State Water Control

Board's }{est Centrai Regional 0ffice in Roanoke or the Headquarters

0ffice in Richmond.
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a
I

Al I uvi um

Amphibole

Amphiboi ite

Anti cl t ne

Aqu'iclude

Aqui fer

Augen

Bedding Plane

Bedrock

Bi oti te

Clastic Rock

A generai term for sediments deposited in recent
geological time by a stream or other body of water,

A group of dark, rock-forming, ferromagnesian
silicate minerals.

Metamorphic rock consisting mainly of amphibole
and plagioclase with little or no quartz.

An upfold of layered rocks in the form of an arch
and having the o1dest strata in the center. The
reverse of a syncline.

A geo:logi,c formation, group of formations or part
of formations, that is capab'le of absorbing water,
but is re'latively imperrneable, and does not supply
appreciable quant'ities of water to a welI or spring.

A geologic formation, group of formations or part
of-formitions, capable of suoplying water to wells
in usable quantities. An aquifer is unconfined
(water tabl'e conditions), or confined (artesian
conditions) depending on whether the groundwater
level is at atmospheric pressure, or greater than
atmospheric pressure due to the presence of an
overlying confining geologic forrnation (aquiclude
or aquitard).

In fo'l i ate metamorphi c rrocks , l enti cul ar mineral
grains or mineral aggregate having the shape of
an eye in cross-sect'ion.

The division plane in sedimentary or stratified.
rocks which separates the individual 'layers, beds
or sirata.

Any solid rocks exposed at the surface or overlain
by unconso'l i dated materi al s .

Generally black, dark brown or dark green
ferroma,gnesian rninetral of the mica group.

A consolidated sedimentary rock composed of broken
fragments that are derived from pre-existing rocks'
e.g., sandstone, conglomerate, or shale, etc"

GLOSSARY
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Col I uvi um

Congl omerate

Consol idated

Diabase

Di ke

Di ori te

Dip

Drawdown

Ep'idote

Evapotranspi ration

Fl aser

Faul t

Loose soil material and/or rock fragments deposited
by the action of gravity, usually at the base of
a slope or cliff.
A coarse-grained, clastic sedimentary rock com-
posed of rounded to subangular fragments larger
than 2 mm in diameter set in a matrix of sand, s'ilt
or any of the natural cementing materials.

A rock that is firm and rigid in nature due to the
natural interlocking and/or cementation of its
mineral grain components. The reverse is
unconsol i dated .

An intrusive igneous rock composed primarily of
labradorite and pyroxene, with ophitic texture.

Tabul.ar igneous intrusion, cuts across planar
structures of surrounding rocks.

Group of plutonic rocks; composition intermediate
between acidic and basic rocks; characteristical'ly
composed of dark-colored amphibole, plagioclase,
pyroxene and minor amounts of quartz (sometimes).

The angle at which a nockbed is inclined from the
horizontal.

The difference between static level and pumping
level in a wall, i.e., the drop in the water level
due to pumping.

A yellowish-, pistachio- or blackish-green mineral;
occur.s in low-grade metamorphic rocks or as an
alteration product of ferromagnesian minerals,

The process by which surface water, soils and plants
release water vapor to the air.

Streaky layers of parallel, scaly aggregates
surrounding the'lenticular bodies of granular
material.

A fracture or fracture zone along which there has
been movement of two rock masses relative to one
another parallei to the fracture. The movement
may be a few inches or many miles, horizontal or
vertical.

The strip of relativeiy smooth land adjacent to a
river channel and built of alluvium canried by
the river during floods. The f'lood plain is covered
by water when the river is in flood.

Flood Plain
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Fold

Formation

Fracture

Gabbro

Gnei ss

Gran'ite

Granofel s

Graywacke

Groundwater

Hornbl ende

Hydrogeology

Igneous Rocks

Infil tration

Joi nt

Kyani te

Labradori te

A bend in the rock strata.

A unit of- geologic mapping consisting of
recognizable rock units,

Bneak in rocks.

Group of bas.ic, dark-colored intrusive igneous
rocks consisting of feldspar and pyroxene.

A foliated rock formed by regionai metamorphism;
bands or lenticles in which minerals with flaky
or elongate form predominate; adjective-gneissic.

A coarse-grained igneous rock consisting of
feldspar, quartz and other minerals.

tvledium- to coarse-grained granitic metamorphic rock
wr'th I ittle or' no foliation or l ineation.

Dark, usually gray or greenish gray, sometimes
black, v.ery hard, tough, firmly indurated, coarse-
grained sandstone.

Water below the water table, i.e., in the zone
of saturation.

Common'ly black, dark green or brown mineral of
the amphibole group.

The science that deals with subsurface waters and
related geologic. aspects of surface waters; hydrol-
ogy or flow characteristics of subsurface waters.

Rocks formed by solidification of deep-seated
molten sil icate materials,

The flow of water through the soil surface into
the ground.

A fracture in rock along which no appreciable
movement has occumed. Joints are gbneraliy
perpend'icul ar to beddi ng p'lanes .

Blue or light-green aluminosilicate mineral; occurs
i n 1ong, thi n, bl aded crysta'l s i n schi sts and
gneisses.

Dark, grdy, blue, green or brown mineral of the
piagioclase feldspar group; comnon in igneous rocks
of intermediate to low silica content.
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Leucocratic

Li neaments

Lithology

Mafi c

Metamorphic

Mi ca

l'luscovi te

Nori te

0l ivine

Ophi ti c

Pegmatitic

Permeabi I ity

Pl agi ocl ase

Light co'lored; applied to a light-colored igneous
rock relatively poor in mafic minerals.

Straight or gently curved, lengthy features of the
Earth's surface, frequently expressed topographical-
ly as depressions or lines of depression.

The composition and structure of rock.
Adjective: Lithologic

Igneous rock composed chiefly of one or more
ferromagnesian (dark-colored) minerals.

Rocks Rocks formed within the earth crust by the trans-
formation of a pre-exlsting rock in the solid state
without fusion and without addition of new
firaterial, as a result of high temperatures, high
pressures or both.

Group of minerals that vary in color from colorlessn
silvery white, pale brown or yellow to green or
bl ack ; readi 'ly 

s pl i ts i nto very thi n , tough and
somewhat elastic plates, prominent rock-forming
constituents in many igneous and metamorphic rocks.

Usually co'lorless, whitish or pale brown mineral
of the mica group; common mineral in metamorphic
rocks (gneisses and schists) and most acid igneous
rocks (granites and pegmatites).

A coarse-grained p'lutonic rock containing basic
piagioclase (labrodorite) as the chief component.

An olive-green, grayish-green on brown ferromag-
nesian silicate mineral; common rock-forming
mineral of basic, ultrabasic and low-silica igneous
rocks.

Re.fers to texture or an igneous rock (especialiy
diabase) in which lathe-shaped plagioc'lase crystals
are partiaily or complete'ly included in pyroxene
crystal s.

The texture of an exceptional'ly, coarsely-crystal-
I i ne, i gneous rock'.

The capacity of a rock or soil for transmitting
water.

A group of feldspar containing aluminum, calcium
and silica; one of the most comrnon rock-forming
mi neral s .
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Plutonic Rock

Porosi ty

Porphyritic

Pyroxene

Quartzi te

Recharge

Runoff

Sandstone

Saproi ite

Schi st

Sedimentary Rocks

Seri ci te

Staurol i te

Structure

Characteristical ly medium- to coarse-gralned rock,
forned at considerable depth by crystallization of
magma or by chemical alteration.

The spaces or voids in rock and soil materials
usuaiiy expressed as a percentage af the material.

Refers to the texture of an igneous rock in which'larger crystals are set in a iine groundmass
which may be crystalline or glassy or both

A group of dark, rock-forming silicate minerals
containing aiuminum, calcium, sodium, iron and
magnes i um.

A very hard sandstone composed predominantly of
quartz which may be either metamor:phosed or not.

The addition of waten to an aquifer by natural
infiltration or artificial means

That part of precipitation that appears in surface
streams.

Sedimentary rock consisting predominately of
sand-size particles.

A soft, earihy, clay-rich thoroughly decomposed
rock formed in place by chemical weathering of
igneous and metamorphic rocks.

A well-foliated metamorphic rock in which the
component fiaky materials (mica) are distinctly
visibie.

Refers to rocks formed from the consol idation of
layered sediments

!{hite, fine-Erained potassium mica occurring in
smail scaies and flakes as an alteration product
of various aluminosilicate minerals; formed in
various metamorphic rocks.

Brownish to black ferromagnesian mineral found in
rocks that have undergone medium-grade metamorphism"

A general disposition, attitude, arrangement or
relative position of the rock messes of a region or
area, ajso referred to as "structural geology".
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Subs i dence

Syncl i ne

Terrace Deposits

Topography

Ul tramafic

Water Tabie

tlater l.|el I

A local mass movement that 'involves principally the
gradual downward settling or sinking of the earth's
surface.

A downfold with trough'like forms and having
youngest rock in the center.

Deposits of alluvium (sand, gravel, cobbie or clay)
which occurs along the margin and above the levei
of a body of water, marking a former water level.

The relief and form of a land surface.

An igneous rock composed chiefly of mafic minerals.

The upper surface. of the zone of saturation. The
surface in water table aquifer at which the water'level stands.

An artificial excarration (pit, ho1e, tunnel)
general ly cyl indrical in form and often wall ed in,
sunk (dri'lied, dug., driveno bored, jetted) into
the ground to such a depth as to penetrate water-
yielding rock and to allow water to flow or to be
pumped to the surface.
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